Although WMS training can improve the skill level of adults who use a wheelchair and is an important part of clinical rehabilitation programs, [3] [4] [5] [6] [7] only scarce evidence exists for the impact of WMS training in youths (children and adolescents). Two recent studies have reported on the importance of WMS training for youths using a manual wheelchair. 8, 9 In order to evaluate the effect of WMS training in youths, there is a need for a WMS outcome measure specifically developed for this population. Existing WMS outcome measures have been developed for adults who use a wheelchair, but none of these outcome measures have been validated for youths who use a manual wheelchair. It is important to validate an outcome measure again if it is applied in a new population, because certain items could be irrelevant or need adaptation. 10 Therefore, we recently developed a new WMS outcomes measure, the Utrecht Pediatric Wheelchair Mobility Skills Test (UP-WMST). 11 Earlier research on the development of the UP-WMST focused on content validity, through selection of WMS items from adult outcome measures and subsequently identifying relevant WMS items for youths using the clinical expertise of youth health care professionals, youths, and their parents. Afterward, the feasibility of administering the UP-WMST in youths using a manual wheelchair was assessed in a pilot study. 11 Outcomes of this previous study resulted in a list of 15 items for assessing skills related to wheelchair mobility, as defined by the International Classification of Functioning, Disability and Health, 12 in youths. To further develop and support clinical use of the UP-WMST, more information about its psychometric properties is needed.
Reliability refers to the extent to which scores of participants who have not changed are the same for repeated measurements over time (test-retest reliability) and to the degree to which the UP-WMST is free from measurement error. 13 Content validity refers to the degree to which the content of the UP-WMST is an adequate reflection of WMS in youths. 13 The previous study 11 focused on content validity through the development of a comprehensive list of relevant items for assessing WMS in youths. A final step in assessing content validity is to assess whether the UP-WMST includes a range of items and is assessed through hypothesis testing. 13 We hypothesize that age is positively associated with UP-WMST score because of more experience in wheelchair mobility and/or increased strength or neuromotor development in older people who use a wheelchair. 15, 16 Furthermore, we expect a difference between diagnostic groups. In adults who use a manual wheelchair, the success rate of WMS differs per patient group, with people with a spinal cord injury having a higher success rate than people with a stroke or acquired brain disorder. 17 In children who use a manual wheelchair, agility and anaerobic performance tests show better results in children with spina bifida (SB) than in children with cerebral palsy (CP). 18, 19 We therefore hypothesize that youths with SB will have a higher score on the UP-WMST than youths with CP. Responsiveness refers to the ability of the UP-WMST to detect change over time. 13 A WMS outcome measure in adults has shown to be responsive after WMS training. 6 For youths, data are available only from 1 small pilot study (n = 6) that reported on improvements in WMS after a 2-day WMS training program. 9 To determine whether the UP-WMST is able to detect change over time, we hypothesize that there will be a significant improvement in outcome after a 6-month WMS training program. The purpose of this study was to evaluate the reliability, content validity, construct validity, and responsiveness of the UP-WMST in youths using a manual wheelchair.
[H1]Methods
[H2]Sample
This study is part of an ongoing larger study, the Let's Ride study (n = 117), 20 in youths. The database includes information from a reliability study (n = 30) and a WMS training program study (n = 97) (trialregister.nl registration number NTR5791). The WMS training program study itself consisted of a pilot study (n = 23), the data from which were used to estimate responsiveness, and an intervention study (n = 74). A content and construct validity study (n = 117) was conducted using measurements obtained prior to intervention in those who participated in the WMS training study or as the first of a pair of measurements in those who participated in the reliability study. When youths participated in more than 1 study (n = 10), only the first measurement of the first enrolled study was used for analysis of content and construct validity. All participants used a bimanual wheelchair in the household or community in daily life. Children (5-11 years) and adolescents (12-18 years) were included if they were able to follow simple instructions. Informed consent was obtained from all parents and all adolescents. To ascertain the sample was a good reflection of the total population of youths who use a manual wheelchair, we included participants with different diagnoses and youths who had various cognitive levels and received regular education or special education.
[H2]UP-WMST and UP-WMST 2.0 Table 1 shows the 15 WMS items assessed in this measurement tool, as well as the cutoff times that we used to modify the scoring method to create a modified version, the UP-WMST 2.0. All items, apart from item 10 ("holding a wheelie"), are performed at maximum speed. Item 8 ("door opening/closing"), item 13 ("platform ascending"), and item 14 ("platform descending") contain 2 subitems with different degrees of difficulty and are scored per subitem. The UP-WMST 2.0 was created in close collaboration with pediatric physical therapists and a biostatistician. A few changes have been made to the scoring method in comparison with the original UP-WMST. To distinguish between the original version and the new version with the adapted scoring method, the new version will be called UP-WMST 2.0. Pediatric physical therapists collaborating in our research reported difficulties with timing the item "holding a wheelie" in participants who were unable to control a wheelie position. The duration of holding a wheelie was too short to time with a stopwatch. Therefore, we developed a different scoring method: a score of 1 is awarded if the participant can pop the front casters off the ground, a score of 2 is awarded if the participant is able to maintain a wheelie for more than 2 seconds, and a score of 3 is awarded if the participant is able to maintain a wheelie for more than 30 seconds.
At the same time, the original time scoring method of the UP-WMST in Sol et al 11 has been converted into an ordinal scale for the UP-WMST 2.0. The use of an ordinal scale has several advantages over a time score per item or subitem. The ordinal ranks of the items and subitems can be summed up to a total score. A total score facilitates interpretation of test results and can be used to evaluate changes within or between individuals or groups. With support of a biostatistician, the time scores per item or subitem were converted into a 4-point ordinal scale per item. A rank of 0 is given when participants are unable to complete an item or the time to task completion takes more than 60 seconds. The UP-WMST times of the 117 participants in this study were used to determine the cutoff time per item or subitem. The times of the participants who were able to complete an item within 60 seconds were used to calculate the mean times and determine the cutoff times at the 25th and 75th percentiles. Table 2 shows per item or subitem the cutoff times for the ordinal ranks. A total UP-WMST 2.0 score, with a maximum of 54 points, was calculated from the sum of the ordinal ranks per item or subitem. A higher score on the UP-WMST 2.0 indicates more advanced WMS.
[H2]Procedures
To assess test-retest reliability (n = 30), the UP-WMST 2.0 was administered twice within a 2-week period (median = 7 days). Ethics approval was granted by the Medical Ethical Committee of the University Medical Center Utrecht (Utrecht, the Netherlands) for the reliability part of this study (protocol number 12-586). As the UP-WMST 2.0 is a new outcome measure, no information was available for sample size calculations. We have therefore performed sample size calculations based on the results of a similar study of adults who use a wheelchair. 21 A group of 27 participants was needed to detect an ICC of >0.80. With a 10% dropout rate or missing data, an alpha value of 0.05, and a power of 0.80, a sample size of 30 participants will be required. All retests of the UP-WMST 2.0 were conducted using the same material, gym floor, tire pressure, test administrator and instructions as the first administration of the UP-WMST 2.0. The administrator explained every item verbally and when necessary showed the execution of the item by walking (eg, figure-of-eight shape). Participants could use 1 trial attempt and subsequently a maximum of 3 attempts were allowed. The best time was used and converted to a rank score.
To assess content and construct validity (n = 117), the descriptive statistics of the baseline UP- A subsample of participants (n = 23) participated in the Let's Ride pilot study. 22 The results of this pilot study were used to estimate preliminary evidence of responsiveness. Participants followed a WMS training program aimed at propelling efficiently, going up and down curbs, holding a wheelie and negotiating the physical environment outdoors. This program was organized by a Dutch patient organization and consisted of 4 training sessions of 2.5 hours each over a 6-month period. A manual wheelchair user with more than 10 years of experience in teaching WMS conducted the training sessions. After each training session, participants were instructed and motivated to practice at home Sol, M.E., Groot, J.F. de, Zwinkels, M., Kruitwagen, C.L., Vershuren, O. Utrecht pediatric wheelchair mobility skills test: reliability, validity, and responsiveness in youths using a manual wheelchair. Physical Therapy: 2019, 8, [1098] [1099] [1100] [1101] [1102] [1103] [1104] [1105] [1106] This is a Nivel certified Post Print, more info at nivel.nl 5
and received an individual video instruction about how to practice their skills. The research team administered the UP-WMST 2.0 before and after the training period using the same material, gym floor, tire pressure, and instructions.
[H2]Data Analysis
[H3]Reliability. The test-retest reliability of the individual items or subitems was assessed using a quadratic weighted Cohen kappa coefficient. In addition, the test-retest reliability of the total score was calculated using a 2-way mixed ICC (ICCagreement). 10 A priori, a weighted Cohen kappa coefficient of 0.61 or higher and an ICCagreement of 0.80 or higher were defined as indications of good reliability. 23 The standard error of measurement (SEMagreement) and the smallest detectable change (SDC) were calculated for the total UP-WMST 2.0 score. 10 The SCD was calculated as follows: SDC = 1.96 x x SEMagreement.
[H3]Content validity.
Floor and ceiling effects of the total UP-WMST 2.0 score were determined as part of content validity. Floor and ceiling effects were considered present if 15% or more of the participants scored a lowest or highest possible score.
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[H3]Construct validity.
The construct validity of the UP-WMST 2.0 was evaluated using separate independent-sample t tests to assess differences in mean UP-WMST 2.0 scores in groups defined by age (children versus adolescents) and diagnosis (SB versus CP).
[H3]Responsiveness. The mean change and 95% CI of the UP-WMST 2.0 score after a WMS training program were assessed to determine responsiveness. A paired-sample t test was used to assess whether there was a significant change in the mean score of the UP-WMST 2.0.
[H2]Role of the Funding Source
This study was funded by SIA Raak (ref. no. PRO-4-03), which provided funding for the Fit for the Future consortium. The funder played no role in the design, conduct, or reporting of this study.
[H1]Results Table 3 shows the descriptive statistics of the participants included per study. Thirty participants were included in the test-retest reliability study. One participant became ill and could not perform the retest of the UP-WMST 2.0 within the 2-week period. The scores of this participant were not used in the reliability analysis. The results for the test-retest reliability per item or subitem and total score are shown in Table 4 . The weighted kappa coefficients ranged from 0.63 to 0.98 for all but 1 item, an indication of good reliability based on definitions the research team developed a priori. Item 7 ("sudden stop"), with a coefficient of 0.50, was moderately reliable based on the definitions the research team developed a priori. Because of this moderate value of reliability, the "sudden stop" item has been removed from the UP-WMST 2.0 and will not be part of the total score. The new maximum score on the UP-WMST 2.0 is 51 points. The ICCagreement for the total UP-WMST 2.0 score was 0.97, the SEMagreement was 1.80 points, and the SDC was 4.98 points.
[H2]Reliability
[H2]Content Validity
The figure shows the variation of UP-WMST 2.0 scores in 117 participants with a normal distribution and a range of 9 to 51 points. No floor or ceiling effect were present, as none of the participants had a minimum score and only 1.7% of the participants reached the maximum score. Fifteen percent of the participants reached a score of 40 points or higher on the UP-WMST 2.0.
[H2]Construct Validity Table 5 shows the mean score, standard deviation and range of the UP-WMST 2.0 score per age group and per diagnosis. The UP-WMST 2.0 scores were significantly lower, 5.4 points (with P < .01), in children (n = 56) than in adolescents (n = 61). The UP-WMST 2.0 scores were significantly higher, 9.1 points (with P < .001), in youths with SB (n = 31) than in youths with CP (n = 47). No confounding influence of age was detected when youths with SB were compared with youths with CP.
[H2]Responsiveness Table 3 showed the descriptive statistics of the 23 participants who participated in a WMS training with their pretraining and posttraining UP-WMST 2.0 score. Two participants could not complete the program because of unrelated medical treatments, and 1 participant was not available for assessment after training. The results for these 3 participants were not included in the statistical analysis. The paired-sample t test of 20 participants showed a significant (P < .001) improvement of 8.3 points (95% CI = 5.29-11.31).
[H1]Discussion
To our knowledge, this is the first study to evaluate measurement properties of a WMS outcome measure in youths using a manual wheelchair. Our results show positive estimates of reliability, content validity, and construct validity and preliminary evidence of the responsiveness of the UP-WMST 2.0 for youths who use a manual wheelchair.
[H2]Reliability A low kappa coefficient for the item "sudden stop" led to the removal of this item from the UP-WMST 2.0. In earlier research, the item "sudden stop" was found to be relevant to assess in youths using a manual wheelchair. 11 The results of this study show that the current administration is not a reliable method and was therefore removed from the current version. Given the relevance though, future research should look into a different method of assessing this item. The total score of the UP-WMST 2.0 showed an excellent ICCagreement (0.97), comparable to the ICCs reported for WMS outcome measures in adults (0.90-0.99). 17, 24, 25 In addition to the ICC, we calculated the SEMagreement and the SDC. This information is useful in clinical practice. The SDC of 4.98 points indicates that an individual improvement or decline of 5 or more points reflects a true change in the UP-WMST 2.0 score. This change in score is 9.4% of the total range of the UP-WMST 2.0 and is in line with previously reported detectable change scores (5%-15%) in 2 adult WMS outcome measures.25 Thus, repeated periodically, the UP-WMST 2.0 can be used as a criterion for the effectiveness of rehabilitation treatment focusing on WMS in youths who use a manual wheelchair.
[H2]Content Validity
In addition to the evidence reported on content validity in the previous study on the development of the UP-WMST, 11 this study assessed the comprehensiveness of the UP-WMST 2.0 through the analysis of floor and ceiling effects. The results show no floor or ceiling effect detectable in our sample and further supports the content validity of the measure. Even though no ceiling effect occurred in this study, 15% of our study sample scored in the upper ranges of this test (40 points or more). Youths with more advanced WMS may require a different outcome measure. 9, 11 Sol, M.E., Groot, J.F. de, Zwinkels, M., Kruitwagen, C.L., Vershuren, O. Utrecht pediatric wheelchair mobility skills test: reliability, validity, and responsiveness in youths using a manual wheelchair. 
[H2]Responsiveness
On group level we found an 8. 
[H1]Strengths and Limitations
The sample size used in this study is large compared to those used in other studies of youths who use a manual wheelchair. The inclusion of a heterogeneous group of participants who use a wheelchair leads to an increase in the clinical relevance and generalizability of the results of this study 10 .
Moreover, to ascertain clinical relevance, a group of physical therapists, occupational therapists, and physical education teachers of the Fit for the Future consortium 20 have been advising the research team through all the phases of the development of the UP-WMST 2.0. One of the limitations of this study was the use of several test administrators to administer the UP-WMST 2.0. Even though the administrators were trained to administer the test according to protocol, it was impossible to determine whether test administrators had a different influence on the participants' performance. For example, a participant might perform differently when the test is administered by a familiar therapist instead of an unknown research team member. At the same time, this too reflects daily clinical practice and increases the generalizability of the results. The interrater reliability of the UP-WMST 2.0 was not assessed in this study. Another limitation was the sample size in the responsiveness study. The sample size was small because of the setup of the Let's Ride pilot study.
The results do give a good indication whether the test is responsive to measure change on group level, Sol, M.E., Groot, J.F. de, Zwinkels, M., Kruitwagen, C.L., Vershuren, O. Utrecht pediatric wheelchair mobility skills test: reliability, validity, and responsiveness in youths using a manual wheelchair. Physical Therapy: 2019, 8, [1098] [1099] [1100] [1101] [1102] [1103] [1104] [1105] [1106] This is a Nivel certified Post Print, more info at nivel.nl 8 but no general statements can be made toward the responsiveness of the UP-WMST 2.0. The results of this study show the UP-WMST 2.0 can be used in further research toward wheelchair mobility in youths. Furthermore, the average age of the responsiveness group was younger than the average age of the total sample. Future research should evaluate the interrater reliability and responsiveness of the UP-WMST 2.0 in a larger and slightly older sample. Future outcomes of our ongoing Let's Ride study into the responsiveness of the UP-WMST 2.0 after a WMS training in a larger sample will provide additional valuable information about the SDC compared to the MIC. These future outcomes combined with the results of this study will make the UP-WMST 2.0 more suitable for use on individual level in clinical practice.
[H1]Conclusion
The present study supports the reliability, content validity, and construct validity of the UP-WMST 2.0 for measuring WMS in youths who use a manual wheelchair and provides preliminary evidence suggesting responsiveness to change over a 6-month period. Further research is needed to improve the interpretation of UP-WMST 2.0 scores for use in daily practice.
